Introduction {#sec0005}
============

Avascular osteonecrosis of the femoral head is a multifactorial condition whose pathophysiology is not very well defined.[@bib0155], [@bib0160], [@bib0165] Numerous studies have been described to try to elucidate the pathology and prognosis of this disease, without much success.

It is a common finding in orthopedic practice, especially among hip specialists. The most affected age group comprises adults between the third and fifth decade of life; this condition has an evolving character, accounting for 5--18% of all total hip arthroplasty (THA) surgeries. Its main known etiologies are corticosteroid and alcohol use, trauma sequelae, and coagulation diseases; it is also commonly observed in patients with human immunodeficiency virus (HIV), systemic lupus erythematosus, and in those who have undergone organ transplantation and are using immunosuppressants.[@bib0170] All factors lead to the trade of bone remodeling for bone resorption, which culminates in femoral head collapse.

The treatment of this pathology is not yet a consensus in the literature, but the majority of the studies decide treatment based on the presence or absence of collapse of the femoral head. In the early stages of the disease, when collapse has not yet occurred (classification Ficat and Arlet 1 and 2), one of the suggested treatments is the decompression of the necrotized area, with or without graft replacement, which may or may not be vascularized.[@bib0175], [@bib0180], [@bib0185], [@bib0190], [@bib0195], [@bib0200], [@bib0205], [@bib0210], [@bib0215], [@bib0220], [@bib0225] This treatment can improve symptoms in up to 80% of cases, and is an attempt to delay disease progression. In these cases, the presence or absence of edema in magnetic resonance imaging (MRI) is not well correlated to symptom improvement.[@bib0230] More conservative authors indicate the use of anticoagulants for preventing disease progression and avoiding a surgical procedure, which also presents positive results.[@bib0235], [@bib0240], [@bib0245] Other studies assessed the efficacy of bisphosphonates in the prevention of femoral head collapse, with unsatisfactory results.[@bib0250]

The primary objective of the present study is to check whether there was any change in patients' subjective perception of pain after the procedure.

The secondary objective was to compare symptom improvement or worsening among the osteonecrosis classifications and to verify whether the radiological progression of the disease and the Merle D'Aubigné and Postel functional score[@bib0255] are associated with the assessed traits, mainly the persistence of risk factors.

Methods {#sec0010}
=======

The present study consists of a series of cases that is aimed at reporting the clinical and radiological results of cases of avascular osteonecrosis of the femoral head, regardless of etiology, treated with core decompression of the necrotic area. The present study was approved by the Ethics Committee (No. 2071224), and all patients signed an informed consent form.

All patients with osteonecrosis of the femoral head who had undergone core decompression within the last five years were included in the study. Patients who refused to participate, those with initial femoral head collapse (Ficat and Arlet stages 2 B, 3, and 4), those who did not have an adequate postoperative follow-up, and those who died of causes not related to this condition were excluded.

The protocol for core decompression of the femoral head consisted of placing the patient in a supine position on a radiolucent orthopedic surgical table and inserting a 2.5-mm guidewire into the femoral neck to the necrotic area, as identified on MRI, aided by fluoroscopy, and drilling the necrotic area with a cannulated 10-mm trephine, without graft replacement of any sort ([Fig. 1](#fig0005){ref-type="fig"}). All patients in the postoperative period underwent the same rehabilitation protocol: no weight-bearing on the operated limb for three weeks, partial for another three weeks; after six weeks, total weight-bearing was permitted; pain was managed with simple analgesic and nonsteroidal anti-inflammatory drugs (NSAIDs) for 7 days, except in cases of contraindications.Fig. 1Positioning the guidewire in the femoral neck, toward the necrotic area.

The preoperative criteria were gender, age, osteonecrosis etiology, Ficat and Arlet stage, and Merle D'Aubigné and Postel functional score.

The postoperative criteria assessed in the present study were the subjective response of symptom improvement in the sixth postoperative month; hip joint pain was the main complaint assessed, and satisfaction with the surgery was measured in relation to pain. The mean follow-up time was 2.53 months. Post-maintenance of the etiologic factor, time until symptom improvement, radiological progression of the disease, and indication for THA (endpoint) were also evaluated.

Statistical analysis {#sec0015}
--------------------

After patient selection, 18 patients (30 hips) submitted to core decompression of the osteonecrotic area of the femoral head were evaluated. In 12 of them, simultaneous bilateral lesions were observed, occurring in the early stages of the disease (Ficat and Arlet 1 and 2A); bilateral decompression in a single surgical moment was indicated. In the others, unilateral decompression was indicated. The patients were categorized according to the radiological classification and causes of osteonecrosis (14 patients had a secondary cause -- nine used corticosteroids, four had HIV, one had sickle cell anemia, and four patients had an idiopathic etiology).

The quantitative characteristics of the groups were described with summary measures (mean, standard deviation, median, and minimum and maximum), and the qualitative variables were described using absolute and relative frequencies.[@bib0260] The pain score was described according to the osteonecrosis classification and the moment of evaluation; it was compared with the classifications and moments using generalized estimation with an interchangeable correlation matrix between the moments of evaluation, with Poisson marginal distribution and the identity link function.[@bib0265] Femoral head collapses were described according to the characteristics of interest and the association with bivariate logistic regressions was studied.[@bib0270] The change in the pain score between the assessment periods (final--initial) was recorded; the changes were described according to the persistence of risk factors. The alterations in the Merle D'Aubigné and Postel scores were compared between cases with and without persistence of risk factors using the Mann--Whitney test.[@bib0260]

A 5% significance level was adopted.

Results {#sec0020}
=======

The results are presented in tables that describe the characteristics of the patients, the Merle D'Aubigné and Postel scores, and the presence or absence of femoral head collapse and the indication for THA ([Table 1](#tbl0005){ref-type="table"}, [Table 2](#tbl0010){ref-type="table"}).Table 1Description of the characteristics of the patients and the evaluated cases.Table 1VariableDescriptionAge (years), mean ± SD43.6 ± 11.8  *Gender -- n (%)* Female7 (38.9) Male11 (61.1)  *Side, n (%)* Right14 (46.7) Left16 (53.3)  *Ficat and Arlet, n (%)* 111 (36.7) 2A19 (63.3)  *Early symptomatic improvement, n (%)* No5 (16.7) Yes25 (83.3)  *THA indication, n (%)* No15 (50) Yes15 (50)  *Persistence of risk factor, n (%)* No12 (40) Yes18 (60)  *Head collapse, n (%)* No8 (26.7) Yes22 (73.3)  *Merle d'Aubigne and Postel (pre)* Mean ± SD10.4 ± 2.4 Median (min; max)10 (7; 16)  *Merle d'Aubigne and Postel (6 months)* Mean ± SD13.9 ± 2.2 Median (min; max)14 (10; 18)Table 2Description of the Merle D'Aubigné and Postel scores in each moment and according to the osteonecrosis classification, and comparative test results.Table 2Merle d'Aubigne and PostelFicat and Arlet*P* Classification*P* Moment*P* Hospitalization1 (*n* = 11)2A (*n* = 19)*Pre*0.157\<0.0010.497 Mean ± SD11.7 ± 2.99.7 ± 1.7 Median (min; max)12 (8; 16)10 (7; 13)*6 months* Mean ± SD14.5 ± 2.313.6 ± 2.1 Median (min; max)14 (11; 18)14 (10; 18)[^1]

[Table 2](#tbl0010){ref-type="table"} shows that there was a difference in the Merle D'Aubigné and Postel functional score only between the moments of evaluation (*p* \< 0.001), regardless of the osteonecrosis classification; *i.e.*, in general, in the sixth postoperative month, patients presented functional improvement compared to the preoperative period, but no difference was observed regarding the preoperative Ficat and Arlet score. The mean evolution of the Merle D'Aubigné and Postel functional score during the moments was statistically similar between the classifications (*p* = 0.497), and no difference between was observed the classifications (*p* = 0.157).

[Table 3](#tbl0015){ref-type="table"} showed an early improvement of the symptoms; it was observed that femoral head collapse directly influenced the indication of THA (*p* = 0.030). This result was observed after bivariate logistic regression. The persistence of risk factors (use of corticosteroids and other pathologies) was not statistically significant as a predisposing factor to functional score deterioration ([Table 4](#tbl0020){ref-type="table"}) or radiological progression.Table 3Description of femoral head collapse according to the characteristics of interest and result of association analyses.Table 3VariableHead collapseORCI (95%)*p*No (*n* = 8)Yes (*n* = 22)InferiorSuperior*Ficat and Arlet, n (%)*0.088 15 (45.5)6 (54.5)1.00 2A3 (15.8)16 (84.2)4.440.8024.61  *Early improvement of symptoms, n (%)*0.466 No2 (40)3 (60)1.00 Yes6 (24)19 (76)2.110.2815.77  *Indication of THA, n (%)*0.030 No7 (46.7)8 (53.3)1.00 Yes1 (6.7)14 (93.3)12.251.27118.36  *Persistence of risk factor, n (%)*0.866 No3 (25)9 (75)1.00 Yes5 (27.8)13 (72.2)0.87 Alteration in the Merle d'Aubigne and Postel1.200.901.590.210 Mean ± SD2.4 ± 3.23.9 ± 2.7 Median (min; max)3 (−4; 5)4 (−2; 7)[^2]Table 4Description of changes in pain scores (Merle D'Aubigné and Postel) according to persistence of the risk factors and result of the comparative test.Table 4Persistence of risk factor*p*No (*n* = 12)Yes (*n* = 18)Alteration in the Merle d'Aubigne and Postel0.325Mean ± SD4 ± 2.63.1 ± 3Median (min; max)5 (−1; 7)4 (−4; 6)[^3]

[Table 4](#tbl0020){ref-type="table"} indicates that there was no difference in the Merle D'Aubigné and Postel alterations between cases with and without persistence of risk factors (*p* = 0.325).

Discussion {#sec0025}
==========

Osteonecrosis is a condition of multifactorial and extensive etiology, which hinders the definition of a single and standardized treatment. The number of factors that impact this condition and its progressive characteristic have fostered the use of several techniques aiming at improving early symptoms and the progression of the bone pathology. These multifactorial aspects make it difficult to conduct an unbiased study with statistically significant results. This condition continues to be underdiagnosed in its initial phase; if an early diagnosis is made, decompression is a possible treatment option. If the diagnosis is made in advanced stages, with established femoral head collapse, the indicated treatment is THA.

This study was aimed at analyzing the characteristics of patients who underwent decompression in the last two years; all procedures were performed in the same way (guidewire placement in the femoral neck with fluoroscopic aid and drilling with a cannulated burr in the necrotic area). The authors believe that the symptoms may be related to the presence of bone edema, which was observed in all cases submitted to the procedure.[@bib0275] A significant improvement of the patients' early symptoms was observed in 83.3% of decompressed hips.

The score used for the evaluation of preoperative and postoperative pain did not present statistically significant alterations after six months, which indicates that the decompression treatment improves the early pain symptomatology, but does not alter the disease prognosis. This has been a challenge for hip surgeons, who have used new techniques associated with core decompression, such as the use of vascularized or non vascularized grafts,[@bib0280], [@bib0285], [@bib0290] stem cell injection,[@bib0295] shock waves, and anticoagulant drugs.[@bib0300] Moreover, various techniques have been described using different types of drills and number of drillings. The results have been similar, with initial symptom improvement that does not influence disease progression.

The present study has some limitations that should be highlighted: the ideal would be to isolate a single risk factor and perform a long-term follow-up, in order to determine whether a specific treatment is effective, both for symptoms and for altering the natural course of the disease. Although all lesions were observed in the femoral head loading area, it was not possible to quantify the extent of the necrotic area and to correlate that finding with the prognosis. Furthermore, the presence of a conservative treatment control group would have contributed to clarifying the actual efficacy of core decompression of the femoral head.

As this was a retrospective study, with a survey of medical records of previously operated cases, both the creation of a control group and the analysis of a single risk factor were not possible.

The normal course of the disease, which leads to femoral head collapse, was observed in 73.3% of the cases; 50% of the cases presented THA indication due to pain complaints, with a mean time until THA indication of 1.13 years after femoral head core decompression. Similarly to studies conducted in other centers, even with decompression, the observed outcome was the natural progression of the disease in most cases.

Conclusion {#sec0030}
==========

Core decompression of the femoral head aids in the painful symptomatology in the short-term but does not appear to alter the progression of the bone lesion.

More studies are needed to determine the best type of treatment in the early stages of the disease, always with the ultimate goal of avoiding arthroplasty in young patients.
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